Introduction
Cord blood (CB) from unrelated donors has become an important source of hematopoietic stem cells (HSCs), expanding significantly the opportunities to find donors for patients requiring bone marrow replacement. [1] [2] [3] [4] [5] [6] A major advantage of CB has been the ability to transplant grafts that are partially human leukocyte antigen (HLA) mismatched with the patient because of a relatively low incidence and severity of GVHD for the level of mismatch, a probable consequence of immunologic tolerance of this neonatal HSC source. [7] [8] [9] Indeed, the vast majority of CB transplantations to date (now estimated to be Ͼ 30 000 patients worldwide) were performed with grafts having 1 or 2 HLA-A, -B, and -DRB1 mismatches. 10 Possible mechanisms for tolerance in CB transplantation are just now being elucidated. 11, 12 For example, we recently reported improved clinical outcomes, including a possible antileukemia effect, in patients with hematologic malignancies when a noninherited maternal antigen (NIMA) of the CB donor matches the patient's mismatched antigen. 13 The effect, if any, of donor/ recipient mismatch vector or direction, with its implied immunologic mechanisms, is another obvious area to explore. In the vast majority of mismatched CB grafts transplanted to date, a mismatched HLA antigen is present in both recipient and donor; thus, the mismatch is bidirectional (ie, in both graft-versus-host [GVH] and host-versus-graft or rejection directions). However, when the donor is homozygous at an HLA locus but the patient has 2 antigens identified (one matching the donor) at that locus, only donor cells have an HLA target and the mismatch is in the GVH direction with no rejection mismatch. If all mismatched loci have this kind of mismatch, these are GVH-only (GVH-O) mismatches. Conversely, if the patient is homozygous at a locus but the donor has 2 antigens identified (1 matching the patient) at that locus, only host cells have an HLA target and the mismatch is in the rejection direction. When all mismatched loci have this type of mismatch, these are rejection-only (R-O) mismatches. When there are 2 or more HLA mismatches, various combinations of mismatch direction are possible.
For this study, we hypothesized that the effects of mismatch vector would be most apparent in CB grafts with unidirectional mismatches. GVH-O grafts, for example, should exhibit better engraftment (decreased graft rejection) compared with bidirectional mismatches but retain a risk for GVHD or perhaps have an increased risk. R-O grafts, on the other hand, should have increased graft rejection and decreased GVHD rates compared with bidirectional mismatches. In view of associations between GVHD and graft versus leukemia (GVL) effects, R-O grafts might also carry an increased risk of relapse. 14, 15 Furthermore, these relationships may be reflected in transplantation-related mortality (TRM), overall mortality, and treatment failure (relapse or death).
(including splits of broad antigens) with serologic testing confirmed by DNA methods. Typing for the class II DRB1 locus was at the high resolution (allele) level.
CB unit matching and selection for transplantation
Transplant centers selected CB units for transplantation based on the unit's pre-freeze total nucleated cell (TNC) dose per kilogram of patient body weight and the match between the patient's HLA type and that of the CB unit. Patient HLA Laboratory Reports were submitted by transplant centers, most of which also provided patient samples to NYBC for confirmatory typing. Before release for transplantation, we retested the CB unit using blood from a segment of tubing integral to the cryopreservation bag to confirm both the HLA type and the identity of the unit. Confirmatory typing was performed using molecular techniques. CB grafts were classified as HLA-A, -B, and -DRB1 matched or 1 or 2 antigen/allele mismatched. Unit selection did not include matching for other HLA loci (C, DP, or DQ). Mismatch vector was generally not considered in unit selection.
Study inclusion criteria and patient follow-up
Through the end of 2006, the NYBC National Cord Blood Program had provided 2462 CB units from unrelated CB donors to 2258 patients in transplant centers in the United States and 32 other countries. Patients gave written informed consent for CB transplantation and reporting of outcomes according to Food and Drug Administration Investigational New Drug guidelines. Consecutive United States patients transplanted with single CB units for treatment of hematologic malignancies or for genetic or acquired nonmalignant diseases were potentially eligible for the current study (n ϭ 1390). Patients transplanted for solid tumors (n ϭ 11, all with neuroblastoma) and those who received a CB graft as a "rescue" transplant after failure of an autologous marrow transplant (n ϭ 3) were excluded. Patients who received units with 3 (n ϭ 81) or 4 (n ϭ 5) mismatches also were excluded as were those in which the splits of a broad class I antigen match were not identified (n ϭ 12) and those without high resolution DR typing (n ϭ 3). These exclusions left 1275 eligible patients, of whom 1202 had outcome data reported (94% of those eligible) and are the subject of this analysis.
Transplant centers were asked to report information on patient characteristics, including diagnosis and stage of disease at the time of transplant, conditioning regimen, GVHD prophylaxis, and posttransplantation outcome data at 3, 6, and 12 months and annually thereafter. Patients with acute lymphoblastic leukemia, acute myelocytic leukemia, or chronic myelocytic leukemia were classified as low, intermediate, or high risk according to disease stage using International Bone Marrow Transplant Registry criteria. 18 Centers reported on the dates of neutrophil and platelet engraftment, on the dates of onset, severity, and organ involvement of acute and chronic GVHD, on date of relapse, and on date and causes of death. Reports were reviewed for completeness and consistency by one of the authors (A.S.) and had ambiguities resolved, as needed, with the transplant center staff. The analytic dataset was checked for accuracy against the original reports by 2 of the coauthors (C.E.S. and D.S.). Follow-up through the first year after transplant or until patient's death was available in 1064 of the 1202 (89%) patients. Among survivors, 73% have had follow-up data reported through at least 1 year after transplantation (median, 26 months).
Transplant outcome end points
Outcome end points followed standard definitions. Time to myeloid engraftment was defined as the first of 3 consecutive days of absolute neutrophil cell count Ն 500/L (ANC 500). When chimerism studies were available (n ϭ 627), patients with no donor cells detected (n ϭ 65, 10%) were considered to have graft failure and were censored at the time they achieved host-derived ANC 500. The time of platelet engraftment was defined as the time to first platelet count Ն 50 000/L (platelet 50 000) that persisted for at least 7 consecutive days without transfusion. Acute GVHD was reported, but no date of onset was provided in 44 patients; for these cases, the onset was assigned as the average time of those with known onset (28 days). Similarly, 26 patients had chronic GVHD reported but no date of onset. We assigned the onset for these cases as day 100.
Among patients with hematologic malignancies, analysis of relapse was based on either clinical or cytogenetic relapse. TRM in these patients was defined as death while the patient was in remission, and treatment failure was defined as relapse or death with time to treatment failure based on the first event. Among patients without hematologic malignancies, all deaths were considered transplant-related. Surviving patients were censored at the time of last follow-up.
Data analysis and statistical methods
For analytic purposes, CB unit/patient pairs were classified by the number of HLA mismatches and by mismatch direction as having: only bidirectional mismatches (all mismatches in both the GVH and rejection directions), only unidirectional mismatches (as described in "Introduction"), or combinations of mismatch direction (examples are presented in Table 1 ).
For time to myeloid engraftment, analyses were limited to the first 77 days after transplantation (3 patients who engrafted after day 77 were counted as not engrafting during the period of analysis). Analysis of acute GVHD was limited to patients who engrafted and, to accommodate a few cases with late onset, included the first 150 days after transplantation. Analysis of chronic GVHD was limited to patients who engrafted and survived to at least 100 days after transplantation.
The significance of differences between categorical variables was estimated by 2 or Fisher exact test (2-tailed) and between means of continuous variables by Student t test. The probability of transplantation outcome end points was calculated by Kaplan-Meier and, when competing outcome events needed to be taken into account, by cumulative incidence methods. [19] [20] [21] In estimating cumulative probabilities of engraftment, GVHD, and relapse, the competing event was death. Relapse was the competing event for TRM in patients with hematologic malignancies. Cox regression was used to estimate hazard ratios (HRs) and significance of differences in univariate and multivariate analyses. 22 As the focus of this study, HLA match and mismatch direction was retained in all multivariate analyses. Other possible covariates examined for inclusion in multivariate analyses were those reported in previous studies of CB and bone marrow transplantation: TNC dose, patient age and ethnicity, patient and donor sex, ABO and Rh match, pretransplantation cytomegalovirus antibody status, diagnosis, stage of disease for hematologic malignancies, prior transplantation, conditioning regimen (myeloablative vs nonablative), and GVHD prophylaxis. We also included the year of transplantation and transplant center experience as variables possibly contributing to outcome. As a measure of center experience, we grouped together centers that had transplanted 50 or more patients with CB units from NYBC for comparison with patients from centers with fewer transplants. Given our recent findings with the NIMA-matched transplants, 13 mismatched patient/CB graft pairs were also classified by the presence of a match in the patient to the donor's NIMA. NIMA match was retained as a variable in all multivariate analyses. Variables having a P value Ͼ .05 were dropped stepwise from multivariate analyses in order of highest value until all remaining values were Յ .05. Statistically significant variables remaining in the models are listed in table footnotes.
Results

Patient and CB graft characteristics
Study patients ranged up to 67 years in age (40% were 10 years of age or older; median age, 7 years), 44% were nonwhite, and nearly two-thirds were transplanted for leukemia (28% of whom had advanced acute lymphoblastic leukemia, acute myelocytic leukemia, or chronic myelocytic leukemia; Table 2 ; patient characteristics). Some important patient and graft characteristics changed over time. For example, the average TNC dose of CB grafts used in this study population increased over time, especially in transplantations Among the CB unit/patient pairs in the study, 890 had only bidirectional mismatches, 58 had GVH-O mismatches (51 with a single mismatch and 7 with 2), 40 had R-O mismatches (30 with a single mismatch and 10 with 2 mismatches), and 69 had fully matched grafts. The remaining 145 pairs had combinations of mismatch direction (Table 2) . Within the HLA mismatch category, patients with unidirectional mismatches generally did not differ from those with bidirectional mismatches. The only exception was GVH-O graft recipients who were more likely to have had a prior allogeneic transplantation (11% vs 5%, P ϭ .029) and to have received nonmyeloablative conditioning (21% vs 6%, P Ͻ .001). Both of these variables were associated with a lower engraftment rate. Prior allogeneic transplantation was also associated with increased mortality. These variables were included as covariates in multivariate analyses of study end points where appropriate to help compensate for the differences between patient groups (Tables 3  and 4 footnotes). There was some overlap between mismatch direction and the presence of a NIMA match, a factor associated with better outcomes. 13 Among patients with GHV-O mismatched grafts, 4 (7%) also had a NIMA match, no different from the rate among those with only bidirectional mismatches (8%), whereas patients with R-O mismatches had no grafts that matched a donor's NIMA. NIMA match was included in all multivariate analyses regardless of significance.
Outcome end points
Data on time to ANC 500 were available for 1151 patients, 76% of whom achieved this end point and on platelet 50 000 for 1108 patients, 51% of whom achieved this end point (cumulative incidences). Among patients who engrafted, 21% had grade 2 and 24% had grade 3-4 acute GVHD. Among those who engrafted and survived to day 100 after transplantation, 35% had chronic GVHD with 86% of cases occurring within the first year after transplantation. Relapse was reported in 196 patients transplanted for a hematologic malignancy (23% cumulative incidence), 83% of cases within the first year. Altogether, 704 patients are known to have died, giving overall survival rates of 46% at 1 year, 38% at 3 years, and 36% at 5 years. Among patients with hematologic malignancies, relapse accounted for 26% of deaths.
Faster engraftment with matched and GVH-O grafts
Myeloid engraftment was significantly faster with grafts having GVH-O mismatches compared with the reference group (patients given grafts with 1 bidirectional mismatch) and was similar to that of fully matched grafts (Table 3 ). This association with time to ANC 500 was most apparent after day 20 after transplantation ( Figure 1A) . Recipients of R-O mismatched grafts, on the other hand, tended to have a lower rate of myeloid engraftment than patients given grafts with 1 bidirectional mismatch (P ϭ .095, Table 3), a relationship that was significant for patients who survived past day 20 but had not yet engrafted (HR ϭ 0.4, P ϭ .010). This pattern of a later effect on engraftment with HLA mismatch and mismatch direction differed from that of TNC dose, which was strongest during the first 20 days ( Figure 1B) . Associations between mismatch direction and myeloid engraftment were seen both in For personal use only. on January 1, 2018. by guest www.bloodjournal.org From patients with hematologic malignancy and in those with other diseases when analyzed separately, although neither subset reached statistical significance (data not shown). GVH-O grafts, like HLA-matched grafts, were also associated with improved platelet engraftment (Table 3) .
No association between GVH-O or R-O grafts and GVHD
For recipients of GVH-O grafts, the risks for severe grade 3 or 4 acute and for chronic GVHD were no greater than that of the 1 bidirectional mismatch reference group (Table 3) . R-O graft recipients tended to have a lower risk of acute and chronic GVHD, albeit not significant (Table 3) .
Increased risk of relapse with R-O grafts in patients with hematologic malignancies
Among patients with hematologic malignancies, those given R-O grafts had increased relapse risk (HR ϭ 2.4, P ϭ .010, Table 4), with similar trends in both myelogenous (HR ϭ 2.1, P ϭ .113) and nonmyelogenous malignancies (HR ϭ 2.0, P ϭ .151). Because R-O grafts were associated with an increased incidence of graft failure, we also examined the relapse risk for R-O graft recipients who engrafted (n ϭ 12). This subset also had an increased risk of post-transplantation relapse of a similar order of magnitude (HR ϭ 2.0, P ϭ .117).
Decreased TRM, overall mortality, and treatment failure with matched and GVH-O grafts in patients with hematologic malignancies TRM (Figure 2A ), overall mortality, and treatment failure rates were reduced for GVH-O graft recipients compared with the 1-bidirectional-mismatch reference group (Table 4) and were similar to those given HLA-matched grafts. R-O graft recipients, on the other hand, had no significant increase in TRM or, despite their higher relapse rate, in overall mortality and treatment failure (Table 4) . Mismatch direction was not associated with TRM among the patients with other diseases ( Figure 2B ; Table 4 ). For personal use only. on January 1, 2018. by guest www.bloodjournal.org From Among patients given either HLA-matched or GVH-Omismatched grafts (n ϭ 130), TNC dose bore no discernable relationship to TRM (Figure 2C) , contrasting with the pattern in patients given grafts with 1 bidirectional mismatch ( Figure 2D) . Indeed, the 33 older children and adults (Ն 10 years of age) had a TRM risk that was actually somewhat lower than that of younger patients (univariate HR ϭ 0.4, P ϭ .098), even though the older patients had received a substantially lower average TNC dose (geometric mean ϭ 2.4 vs 6.8 ϫ 10 7 /kg, respectively, P Ͻ .001).
Combinations of mismatch direction had no association with transplantation outcome
CB grafts having 2 HLA mismatches with various combinations of mismatch direction showed no consistent or significant association with transplant outcome end points compared with patients given grafts having 1 bidirectional mismatch (Tables 3  and 4 ) or with those having 2 bidirectional mismatches (data not shown). CBU indicates cord blood unit; CI, confidence interval; GVHD, graft-versus-host disease; MM, mismatch; NIMA, noninherited maternal antigen; NYBC, New York Blood Center; HR, hazard ratio; and TNC, total nucleated cell.
*Other significant predictors included in the multivariate model for time to ANC 500 were TNC dose (continuous log transformed), prior transplant (none vs allogeneic vs autologous vs unknown), preparatory regimen (myeloblative vs nonmyeloablative vs unknown), GVHD prophylaxis (cyclosporin and steroids vs any methotrexate vs any tacrolimus without methotrexate vs other without methotrexate vs unknown) and year of transplant (1993-2002 vs 2003-2006) . Match between recipient and donor for noninherited maternal antigens (NIMAs) was forced into the model even when not significant. †Other significant predictors included in the model for time to platelet 50 000 were TNC dose (continuous log transformed), patient age (Ͻ 10 y vs Ն 10 y), patient ethnicity (White vs other vs unknown), prior transplant (none vs allogeneic vs autologous vs unknown), preparatory regimen (myeloblative vs nonmyeloablative vs unknown), GVHD prophylaxis (cyclosporin and steroids vs any methotrexate vs any tacrolimus without methotrexate vs other without methotrexate vs unknown) and year of transplant (1993-2002 vs 2003-2006) . NIMA match also was forced into the model even when not significant. ‡Other significant predictors included in the model for acute GVHD were patient age (Ͻ 10 y vs Ն 10 y), GVHD prophylaxis (cyclosporin and steroids vs any methotrexate vs any tacrolimus without methotrexate vs other without methotrexate vs unknown) and transplant center experience with NYBC CBUs (Ͻ 50 vs Ն 50 patients transplanted). NIMA match also was forced into the model even when not significant. §Other significant predictors included in the model for chronic GVHD were patient age (Ͻ 10 y vs Ն 10 y), patient ethnicity (White vs other vs unknown) and transplant center experience with NYBC CBUs (Ͻ 50 vs Ն 50 patients transplanted). NIMA match also was forced into the model even when not significant.
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BLOOD, 6 OCTOBER 2011 ⅐ VOLUME 118, NUMBER 14 For personal use only. on January 1, 2018. by guest www.bloodjournal.org From ALL indicates acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CML, chronic myeloid leukemia; GVHD, graft-versus-host disease; IBMTR, International Blood and Marrow Transplant Registry; MM, mismatch; NIMA, noninherited maternal antigen; NYBC, New York Blood Center; HR, hazard ratio; TNC, total nucleated cell; and CMV, cytomegalovirus.
*The only other significant predictor in the multivariate model for relapse risk was IBMTR risk category (early stage ALL, AML or CML vs intermediate stage ALL, AML or CML vs late stage ALL, AML or CML vs unknown stage ALL, AML or CML vs other leukemia vs myelodysplasia vs other hematological malignancy) and GVHD prophylaxis (cyclosporin and steroids vs any methotrexate vs any tacrolimus without methotrexate vs other without methotrexate vs unknown). NIMA match was forced into the model even though not significant. †Among patients with hematological malignancies, the other significant predictors in the multivariate models for TRM, overall mortality and treatment failure were patient age (Ͻ 10 years vs Ն 10 years), prior transplant (none vs allogeneic vs autologous vs unknown), pretransplant CMV antibody status (negative vs positive vs unknown) IBMTR risk category (see footnote *), transplant center experience with NYBC CB units (Ͻ 50 vs Ն 50 patients transplanted) and year of transplant (1993-2002 vs 2003-2006) . TNC dose (continuous log transformed) was a significant predictor for TRM and overall mortality but not for treatment failure when age was included in the analysis. Patient ethnicity (White vs other vs unknown) was a significant predictor for TRM but not for overall mortality or treatment failure. NIMA match was forced into the models even when not significant.
‡Among patients with other diseases, TNC dose (continuous log transformed) and prior transplant (none vs allogeneic vsautologous vs unknown) were significant predictors for TRM. NIMA match was forced into the model even though not significant.
Discussion
As in prior reports, this study confirms the superior outcomes after transplantation of HLA-matched ("6/6") CB units, taking into account cell dose effects. [1] [2] [3] [4] [5] [6] [7] 13, 23 Unique to this study, we have shown the importance of mismatch direction on engraftment, relapse, and mortality when all mismatched antigens/alleles were unidirectional. GVH-O mismatches had outcomes that were as good as those that were fully matched for HLA-A, -B, and -DRB1, irrespective of TNC dose, with results that were as good for older children and adults as for young children. R-O grafts, on the other hand, had a lower engraftment rate and carried a higher risk of relapse. Our finding that mismatch direction had an impact on outcome is remarkable given that we did not take into account mismatches at high resolution for class I antigens (HLA-A and HLA-B) or mismatches for HLA-C or -DQ. Such mismatches, however, have not been shown as yet to be relevant in CB transplantation as they have been for bone marrow from unrelated donors. 24, 25 Of practical relevance, moreover, the HLA match level used in this study is the same as that currently used in national and international search algorithms for CB grafts.
Two previous studies of CB transplantation from unrelated donors reported an association between myeloid engraftment and the number of mismatches in the GVH direction. 26, 27 Another study in adult recipients of related, mismatched bone marrow reported increased graft failure with increasing number of class I rejection mismatches and increased risk of acute GVHD with increasing number of class II GVH mismatches. 28 Data from these studies, however, are somewhat ambiguous. Grafts with no mismatch, for example, were counted as having both 0 GVH and 0 rejection mismatches. In addition, most patients in these studies would have received grafts with combinations of mismatch direction or only bidirectional mismatches (Table 1) . Most importantly, none identified the relevance of unidirectional mismatches. Thus, their findings are difficult to compare with ours or to apply in donor selection.
The importance of unidirectional mismatches found in our study permits a simple, practical application of our findings in CB unit selection (ie, identifying unidirectional mismatches in search reports and giving priority to GVH-O mismatches). CB may, indeed, present a special opportunity to take advantage of GVH-O grafts because severe GVHD is less frequent and generally easier to control than with bone marrow transplants from unrelated donors. [7] [8] [9] 29 Indeed, GVH-O grafts may be an inappropriate choice in bone marrow and peripheral blood transplants from unrelated donors. Of note in this regard, GVH-O-equivalent mismatches are generally avoided in solid organ transplantation in which accompanying donor lymphocytes can cause fatal GVHD, except for renal transplants where transfer of donor lymphocytes with the graft is minimal. [30] [31] [32] Failure to detect an increase in severe acute or chronic GVHD among recipients of GVH-O CB grafts in our study compared with those with bidirectional mismatches is reassuring and should dispel any hesitation to use such grafts. Potential associations could have been confounded and obscured, however, by unidentified mismatches at high resolution or at other HLA or minor histocompatibility loci or by tolerance, in some cases, acquired from exposure to maternal noninherited antigens. [11] [12] [13] 33, 34 Studies that include evaluation of such factors, probably requiring a larger number of cases having unidirectional mismatches, would be needed to address their simultaneous impact.
Our observations should have special relevance for older children and adults for whom a single CB unit that provides a sufficient TNC dose is rarely found. Although CB has become more accepted for older patients in recent years, many are now given double-unit transplants in an effort to overcome cell dose limitations. 35 Our data suggest a possible alternative: the apparent absence of a cell dose effect on TRM with GVH-O-mismatched and HLA-matched CB grafts may justify their use for older children and adults as single-unit transplants, a strategy that could also reduce cost and mitigate a barrier to transplantation for some patients. Supporting this approach, it was recently shown that CB grafts that are HLA-A, -B, and -DRB1 matched (at the level of resolution used for our current study) had better survival than bone marrow grafts that were allele level-matched at 4 loci (HLA-A, -B, -C, and -DRB1), despite having nearly a log lower TNC dose. 6 Thus, our new findings also suggest that GVH-O CB grafts might also be preferred over matched bone marrow from an unrelated donor. Such a possibility could be evaluated by direct comparison between CB and bone marrow transplants from data in national and international registries. 29 Our findings fulfilled most of our predictions and further support the premise that HLA-related immunologic responses have an impact on CB transplant outcome. These clinical data, however, cannot discern whether the effects of mismatch direction reflect active immune responses from host or CB cells or the absence of such responses. Improved engraftment seen with GVH-O grafts could, in theory, be the result of either the absence of immunebased host rejection of the graft or an active GVH response by CB cells that may help clear host cells from the marrow stem cell niche. 36 Indeed, immunologic responsiveness of CB cells affecting engraftment has been reported in double-unit CB transplants, and experimental studies in mice have documented CB donor T-cell reactivity in the early post-transplantation period. [37] [38] [39] [40] However, the finding that HLA-matched CB grafts also have improved engraftment might favor absence of rejection as the mechanism. Poor engraftment with R-O grafts, on the other hand, suggests an active host immune response, possibly of greater impact when not balanced by concomitant GVH effects as might be expected with bidirectional mismatches. Immunologic rejection of R-O grafts could account for their increased risk of relapse, although our finding that relapse risk seems to persist after engraftment might also suggest weak GVL mechanisms. Studies to elucidate possible mechanisms are warranted and may further refine our ability to identify optimal HSC sources.
Based on our observations, we would now define an optimal CB graft as either matched for HLA-A, -B (low-intermediate resolution), and DRB1 (high resolution) or GVH-O mismatched. Although our data did not detect significant differences in outcomes between these 2 types of grafts, the trend toward a higher incidence of acute GVHD with GVH-O than with HLA-matched grafts might favor selection of an HLA-matched CB unit when both are available.
The practical implication of our study is that including HLA mismatch direction in search procedures permits easy identification of grafts with unidirectional mismatches, helping transplant centers give priority to GVH-O as well as avoid R-O grafts. The benefit of giving priority to GVH-O mismatches will be realized through CB units that are homozygous at 1 or more loci. Among units donated to our program (now Ͼ 55 000), 28% are homozygous at 1 or more HLA-A, -B, or -DR locus (at the level of resolution used in the present study), 3.4% at 2 loci, and 0.7% at all 3. Inclusion of GVH-O mismatches in the search algorithm should more than double the chance of finding an optimal CB graft. 41 Homozygosity occurs most often, of course, with the most frequent antigens. Consequently, patients with a common antigen at a given locus along with an uncommon one should be more likely to find suitable GVH-O grafts. Ethnic minority patients who have some white ancestry also should have a better chance of finding GVH-O mismatched CB units in inventories, such as those in the United States and Europe, which have a large proportion of white donors. 
